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Numerical simulation of cumulus lboundary layer:
activation process ot cloud condensation nuclei
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| . Objectives: To improve bulk parameterization scheme

Target : bulk scheme for warm rain (boundary layer clouds)
Boundary layer clouds are important for climate study.
Bulk parameterization schemes are used in large-scale models.
However, there are many ambiguous parameters in the schemes.
= To improve the bulk schemes, we will use the results of bin scheme models.

Model : CReSS with Kuba-Fujiyoshi bin model

Case : RICO(Bermuda area, trade wind cumulus) model intercomparison case
1 GCSS(GEWEX cloud system study)

Results : layered structure (average potential temperature etc.), is well simulated,
however, ...

Problems and what to do :

There are many differences between the results of bin models.
Also in bin models, there are many ambiguities.
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What occurs in clouds and what we are modeling

Processes included

Clouds including a 1. Activation of aerosols
HRILET I variety of drops FoET I maximum value of
Bulk model Bin model super saturation
ALYL determines the number
Classified into '.' '_ o Classified into of activated aerosols
Cloud and Ram Bl many bins by siz§ 2. Deposition growth

the difference of the
basic equations Is
whether the integration
of time is used or not.
3. Collision-coalescence
whether the kernel of
the collision includes
the effect of turbulence.

number

We used 71 bins whose ratio of mass between adjacent bins is 2 12, The details of the

However, for comparison, the results with 34 bins will be presented. differences of the bin
models will be omitted.
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ll. Intercomparison experiments (GCSS-RICO)

RICO : Bermuda area, trade wind cumulus

Case of GEWEX Cloud System Study
http://www.knmi.nl/samenw/rico/
Grid
Ax=Ay =100m, Az =40m
Domain Size

Number of Grids
Geostrophic Wind ( cyclic lateral B.C. )

Bottom surface B.C. Cloud microphysical models (15 models)
SST:299.8K AT=0.6°C 1 moment bulk 2 moment bulk bin
Large scale forcings
Subsidence

Horizontal advection
Duration : 24hours (last 4 hrs are
analyzed)

Our Model: CReSS (Tsuboki et al.) with Kuba-Fujiyoshi bin scheme
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II-2. Averaged vertical profiles (20-24 hr)
Liquid water Pot. Temp. Liquid water Mixing Ratio GCSS Models
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II-3. Averaged vertical profiles (20-24 hr)
Cloud water Mixing ratio  Rain water Mixing Ratio GCSS Models
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II-4. Averaged vertical profiles (20-24 hr)

Number Density of Cloud Droplets in Cloud GCSS Models °]
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lll. activation process of aerosols in the KF model

The number of activated CCN is important
for the cloud growth.

The equation in terms of rh is often used.

activation process n,;=exp(a*(rh-100))

in a pa_nrcel with t grid value should not be used
upward displacement

®° The number of activated CCN should be
® o e considered with very small time and
O o //' 'Ne space intervals.
| When large aerosols are activated,

supersaturations is decreased.
= small aerosols are not activated.

» = |n KF model, the number is
parameterized in terms of w.

t time t+At
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vertical change of rel. hum. and radius of droplets

relative humidity (Vmax=0.1m/sec. (NH,),SO,)
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I1l-2. maximum value of supersaturation at cloud base

A
= only w is considered =S becomes large.
= Before S reaching the value, large CCNs
2 are activated. = reducing dsdz.
5 S/ At some level, S becomes maximum
O . :
N (w) is determined by parcel model.
radius of CGN :
S this value
A ~Te-actiyation increases with
‘y 7 ] height(S)
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I1l-2. maximum value of supersaturation at cloud base

A
= only w is considered =S becomes large.
= Before S reaching the value, large CCNs
2 are activated. = reducing dsdz.
5 Sz/‘ At some level, S becomes maximum
O . :
N (w) is determined by parcel model.
radius of CN :
S this value
A ~Te-agfivation increases with
height(S)
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I1l-2. maximum value of supersaturation at cloud base

A

only w is considered =S becomes large.
Before S reaching the value, large CCNs
are activated. = reducing dsdz.

m_~" At some level, S becomes maximum
(w) is determined by parcel model.

CCN number
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I1l-2. maximum value of supersaturation at cloud base

A
= only w is considered =S becomes large.
When w is small, B Before S reaching the value, large CCNs
S, becomes small, |2 are activated. = reducing dsdz.
and 5 m/‘ At some level, S becomes maximum
O . :
r.(S,,) becomes large. (w) is determined by parcel model.
Us OCCN
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[ll-3.maximum value of supersaturation in cloud

A
s In clouds, because of drying effect due to
= condensation, moistening (due to w) is
2 reduced.
§ m N\ In our old scheme, activation is inhibited
> We calculate S,(w*), where w* is
radius offCCN | effektive w, including the drying effect.
A c-gctivation A
7
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IlI-4. Averaged vertical profiles (new-scheme)

Number Density of Cloud Droplets in Cloud GCSS Models °]
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® A numerical experiment of cumulus convection observed during RICO was
performed using a bin microphysical model developed by Kuba and
Fujiyoshi.

o A5—BSH A ULCE Y EEMMIEET ILZEL). RICOTERRA =N
SE=EDHEEREEZ1T O,

® [n this model, the number of activated aerosols is determined by a
parameterization scheme in terms of w.

¢ COEFINTIE, BT BT POVILOEEEWICE > TRHD/ IS X
H)L—=I3VZF>TUND,
® The results of the simulation indicates that the vertical profiles of the

averaged values of temperature, humidity, liquid water mixing ratios are
similar to observation and other model resuilts.

o BIREIRDMGR. KIEHEIIDRE, HE. BKERECDOIRBRIE. &AM
DETIVERI UK DSHIBRMG SN,
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® However, the vertical profile of the number density of cloud droplets in
clouds (n. )indicates very rapid decrease with height. The reason of this
result is that the model does not include the aerosol activation process in
clouds.

o LN, ENENHEENSSHRICRB T DBRIGONC. CORRK
[F. ERNTOIPOVILDBEHEIEDIA D TVNVEWZHTHDEEZ SN,

® \When we include the aerosol activation process in clouds in the model, the
very rapid decrease of n, is removed, and the results becomes similar to

other results.

0%WTEWC&Df&ﬁ%IPDVNQEHMEKﬂE%%\%W%ﬂﬁ
BENSSHLOICRACHDIERIEEE L. DTV ORISR
NMEENDXDICIE DI,

® \We would like to compare the results with some observation, and ...

o Si&. AR (NEDMH. BRiGKECIKEDEREE) CBHERUT,
D XNEDIC U, INIVDOEORBEZEDHTUNEZU),
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